INTRODUCTION
============

Korea has a rapidly aging society due to a low birth rate and increasing longevity. The proportion of Koreans over the age of 65 years was 7.2% in 2000 and 9.1% in 2005.[@B1] In addition, estimates based on population data predict that 14.5% of Koreans will be over the age of 65 years by 2018 and that by 2026, the percentage will be 20.8%.[@B2] The speed at which Korean society is aging is much more rapid than that of any other developed country,[@B3] and it is projected to be among the fastest in the world. Korea will replace Italy as having the world\'s second highest proportion of elderly by 2050.

Due to this rapidly aging population and the progressive Westernization of lifestyles in Korea, dementia has emerged as a major health problem in Korea.[@B4],[@B5] Estimates of the prevalence of dementia in Korea range from 7.0% to 13.1%.3,[@B6]-[@B9] Recently, Kim et al.[@B9] predicted that the number of dementia patients will double every 20 years until 2050 in Korea and the dementia patient population will skyrocket from 470000 in 2010 to 1140000 by the year 2030 and to 2130000 by the year 2050. Furthermore, they reported that the prevalence of dementia in Korea is higher than in Western countries and in other Asian countries.

The rapid growth of the elderly population and of the population with dementia will impose significant economic and psychosocial burdens on caregivers and societies, likely posing major problems. In the US alone, Alzheimer\'s disease (AD), the most frequent cause of dementia, is associated with an estimated health care cost of US\$172 billion per year.[@B10] The cost of dementia in Korea was estimated at between US\$3 and US\$7 billion in 2004,[@B8] totaling 0.446-1.040% of the Korean GDP (US\$673.1 billion).[@B11] Families of dementia patients also suffer heavy psychological, physical, and economic burdens.[@B12],[@B13]

To reduce these societal and individual burdens, prevention, early detection, and early treatment may be the most important steps to take. Many studies designed to identify risk factors and correlates of dementia and programs for the early detection and treatment of dementia patients in the general population have been reported. But few, if any, have addressed the portion of the aging population characterized by low socioeconomic status and poor cognitive function (as assessed, for example, by low scores on the Korean version of the Mini-Mental Status Exam, MMSE-KC), who are often at high risk for dementia.

This group is very important because they are on the verge of developing dementia. Preventing dementia in this group is, in a sense, more important than addressing it among the general population. Therefore, we investigated the prevalence of dementia and its correlates among people of low socioeconomic status and with poor social support systems who live on Jeju Island, Korea.

Jeju Island has some advantages for the study of dementia because of the restricted interchange of its population with the mainland. In addition, the island has a greater proportion of aged individuals (10.4% of the total population in 2005 were over 65 years of age), with those over 80 years of age comprising 8.0% of the total aged population, the highest among all provinces of Korea.[@B1]

METHODS
=======

Subjects and research period
----------------------------

We used 2006-2009 Jeju Island data from the National Early Dementia Detection Program (NEDDP), which covers all of the economically poor elderly living on Jeju island. This program included all of the residents over the age of 65 who were recipients of financial assistance programs. In 2009, this population included about 5000 people.

This study examined those who showed poor performance \[standard deviation (SD) from the norm of \<-1.5\] on the MMSE-KC,[@B14] administered through the NEDDP, using age-, gender-, and education-adjusted norms for Korean elders.[@B15] All who agreed to participate in this research were included, resulting in a total of 1708 participants. This study was approved by the Institutional Review Board at Jeju National University Hospital, Jeju, Korea.

Evaluation
----------

### Sociodemographic factors

A semi-structured interview addressing demographic characteristics (age, sex, education, residence, living arrangement, marital status, economic status, etc.) and history of head trauma, presence of depression, and number of medical illnesses was conducted. If the participant alone could not give enough information, reliable informants (spouse, child, other relatives, and close friends, in that order) were interviewed as well.

### Diagnosis of dementia

Dementia was defined according to the diagnostic criteria of the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV).[@B16]

A face-to-face standardized diagnostic interview and physical and neurological examinations were administered to each subject using the Korean version of the Consortium to Establish a Registry for Alzheimer\'s Disease Assessment Packet (CERAD-K) and Clinical Assessment Battery (CERAD-K-C).[@B14] Geriatric psychiatrists, who were certified in CERAD-K Clinical Assessment Battery (CERAD-K-C) administration by the CERAD-K headquarters, administered the tests. The CERAD-K Neuropsychological Assessment Battery (CERAD-K-N)[@B14],[@B15] was also administered by neuropsychologists or trained research nurses. The CERAD-K-N consists of nine neuropsychological tests: the verbal fluency test, 15-item Boston Naming Test, MMSE-KC, word-list memory test, constructional praxis test, word-list recall test, word-list recognition test, constructional recall test, and trail-making test. All instruments were validated in the Korean population. We did not classify subtypes of dementia due to the large number of subjects and the screening nature of the NEDDP.

### Diagnosis of depression

The Korean version of the Geriatric Depression-Scale Short form (SGDS-K)[@B17] was used to screen for depression. Final diagnosis was made by two psychiatrists according to DSM-IV diagnostic criteria.

Statistical analysis
--------------------

We identified the prevalence of dementia among these subjects according to each factor: age, sex, education, residence, living arrangement, marital status, economic status, presence of head trauma, presence of depression, and number of medical illnesses.

We then performed multiple logistic regression analysis using the statistically significant independent variables, with dementia as the dependent variable. We determined the odds ratio (OR) and 95% confidence intervals (95% CI) for each of the independent variables. SPSS (version 12.0) software was used for all analyses, with the level of significance defined as p≤0.05.

RESULTS
=======

Characteristics of participants
-------------------------------

The sample consisted of 1708 community- and nursing home-dwelling Koreans, including 1220 women and 488 men, with an average age of 78 (SD=7.2) years. The overall mean years of education was 3.3 (SD=4.2; men: 7.0, SD=4.2; women: 1.8, SD=3.1), and the overall mean MMSE-KC score was 15.9 (SD=5.8; men: 19.6, SD=5.2; women: 14.4, SD=5.4).

Statistically significant sex differences in age distribution, education, residence, living arrangement, marital status, economic status, and presence of head trauma history (all p-values\<0.05) were found; only depression and number of medical illnesses showed no sex differences ([Table 1](#T1){ref-type="table"}).

Prevalence and OR of dementia
-----------------------------

We examined the prevalence of dementia according to various levels of variables and calculated crude and age- and sex-adjusted ORs. Of the 1708 participants who completed the evaluation, 318 (20.5%) were diagnosed with dementia, including 72 (17.3%) men and 246 (21.7%) women. The prevalence was not statistically different between the sexes (p=0.055). The prevalence of dementia showed an increasing trend by age, being 14.7% for 65- to 69-year-olds, 15.4% for 70- to 74-year-olds, 25.7% for 80- to 84-year-olds, and 28.0% for ≥85-year-olds. Regarding education, the prevalence of dementia was 26.6% in the no-education group, 13.7% in the group with 1-6 years of education, and 12.4% among those with 7 years of education and more. The prevalence of dementia among those living in a nursing home was 46.1%, and that among subjects with a history of head trauma and depression was 60% and 23.4%, respectively.

The 85+ years age group (OR=2.204, 95% CI 1.378-3.526) was more likely to have dementia than the 65-69 years age group. Those in the no-education group (OR=2.621, 95% CI 1.606-4.277) were more likely to have dementia than those with 7 years education or more. Persons living in a nursing home (OR=3.969, 95% CI 2.649-5.947) were more likely to have dementia than those living with a spouse. Those who had a history of head trauma (OR=6.210, 95% CI 1.022-37.744) were more likely to have dementia than those without such a history. However, persons with depression (OR=1.258, 95% CI 0.929-1.703) were not more likely to have dementia than those without depression. There were no statistically significant differences according to marital status, residence, economic status, presence of depression, and number of medical diseases. In summary, our univariate logistic analyses indicate that older age (80-84 and ≥85 years of age), no education, nursing home residence, and presence of head trauma history are associated with dementia ([Table 2](#T2){ref-type="table"}).

Multiple logistic regression analysis
-------------------------------------

[Table 3](#T3){ref-type="table"} shows the results of the multiple logistic regression analysis. The results indicate that the following factors were statistically significantly associated with dementia: age 80-84 (OR=2.132, 95% CI 1.163-3.908) or ≥85 years (OR=1.963, 95% CI 1.065-3.617), no education (OR=2.078, 95% CI 1.145-3.771), nursing home residence (OR=5.630, 95% CI 2.107-15.044), and depression (OR=1.586, 95% CI 1.089-2.309).

Marital status, urban/rural residence, socioeconomic status, and number of medical illnesses were not significantly correlated with dementia after controlling for the confounding influence of age, sex, education, living arrangement, presence of depression, and number of medical illnesses.

DISCUSSION
==========

In a previous study on the general Korean population, the prevalence of dementia was estimated as 8.1%.[@B9] In the present study, which focused on a subpopulation of Korea, it was 20.5%, much higher. This could be explained by the characteristics of the subjects in the present study, namely, a population with a large proportion of older persons with no formal education (52.1%), with lower socioeconomic status, lower MMSE-KC scores, and a larger proportion of nursing home residents (11.6%) compared to the general population. This result is partially consistent with the results from Hamid et al.[@B18] and Wimo et al.,[@B19] who noted that the prevalence of dementia is 3-4 times higher in developing countries than in developed countries. They suggested that the lack of formal education is a major contributor to higher overall dementia prevalence. Among our subjects, 52.1% had no education, which is consistent with their conclusion.

We included subjects who had an MMSE-KC score below -1.5 SD of the mean compared to age-, sex-, and education-adjusted norms for Korean elders.[@B15] Kim et al.[@B9] investigated the prevalence of dementia in a nationwide Korean sample using MMSE-KC. They assigned scores of 10% for good (-1.0 SD or higher), 50% for intermediate (between -1.5 and -1.0 SD), and 100% for poor performance (MMSE-KC scores below -1.5 SD of the norm) on the MMSE-KC in a phase II clinical diagnostic study. In that study, of the 1673 subjects, 351 (20.98%) were diagnosed as having dementia. Another similarly designed study 20 performed in the Seoul metropolitan area reported an incidence of dementia of about 18.43%. Because our sample consisted entirely of people with MMSE-KC scores lower than -1.5 SD of the norm, we could not compare these results directly, but it is reasonable to assume that the prevalence in our population would be similar to that in previous research.

In general, old age, female sex, lower education level, presence of depression, traumatic brain injury, and other vascular risk factors are well-known risk factors and correlates of dementia.[@B21]

In the present study, multivariate analysis revealed that advanced age, no education, living in a nursing home, and depression were correlated with dementia. Marital status, economic status, and urban/rural residence were not associated with dementia after controlling for age, sex, education level, depression, traumatic brain injury, and number of medical illnesses.

Age is an established risk factor for dementia, and the prevalence of dementia increases with age.[@B22]-[@B24] Our results concur with previous results, demonstrating that older age is a risk factor for dementia among those with lower MMSE-KC scores.

Many studies have found higher rates of dementia among women.[@B22],[@B23],[@B25],[@B26] This is usually explained by a life of cumulative social disadvantages; for example, a lack of educational opportunities in early life, which severely hinders access to employment and personal development. Lower educational attainment and less complex occupational activities have been found to be associated with cognitive decline and dementia risk.[@B27],[@B28] Our results in this area are not consistent with previous results, but this difference could be explained by differences in the characteristics of subject populations. Gender may be an important modifier of the risk for AD, and this may be due to biological differences,[@B29] differences in survival rates, or cohort differences in behavior and exposure.[@B30] Our subject population was not a general population but a group already at risk for cognitive decline (lower MMSE-KC score). Our results may also be explained by the unequal proportions of men and women and variation in their characteristics. The sample included more women. Furthermore, men are more likely to live with their spouse than are women, who are more likely to live alone. This means that female subjects may have better social function than men, who are considered dependent on their spouses throughout their lives.

De Deyn et al.[@B31] suggested that the higher prevalence of dementia in women than in men is partly because men who are starting to show cognitive decline may be less capable of managing their lives and therefore prefer institutionalization. As nearly all previous epidemiological studies failed to include residents of nursing homes, rest homes, or other specialized-care facilities, they would have missed a portion of the population in whom cognitive deterioration is more likely. This may result in a gender bias, as this group may contain relatively more men. Our study included institutionalized persons, and this may have resulted in the contrast between our finding of no higher dementia prevalence in women and others\' results showing a higher prevalence. A metaanalysis done by Gao et al.[@B32] found gender differences in the incidence of dementia associated with AD but not in the incidence of dementia in general. These differences are most likely explained by the fact that men are at a higher risk than women for vascular dementia. Our study did not separate AD and dementia, so our result is partially consistent with that of Gao et al.[@B32]

Recently, there has been conflicting evidence regarding gender differences in dementia risk. In a recent metaanalysis, gender was independently associated with dementia risk in all regions other than North America and Pacific Asia.[@B33] In the present study, gender was not a correlate of dementia in univariate or multivariate analysis. According to Kim et al.,[@B9] gender differences in mental health are often attributed to gender-related differences in social exposure.[@B34] Over the past few decades, however, rapid social and economic changes, such as the expansion of formal education and of women\'s participation in the labor force, have had profound implications for Korean women.[@B35] This may have also contributed to our results.

Multivariate analyses showed that education was strongly associated with dementia. Lower education level is a well-known risk factor for dementia, and our result supports previous findings in this regard.[@B30],[@B36]-[@B38] The subjects of our research were at risk for cognitive decline, and even among this population, education was, irrespective of gender, powerfully correlated with dementia. This result suggests that, even in the case of groups at risk for cognitive decline, lower education level could be related to the development of dementia. This is also partially in accord with previous research[@B39] suggesting that highly educated individuals show fewer clinical symptoms of dementia than do less educated individuals,[@B40],[@B41] and other research has suggested that highly educated persons, who have greater cognitive reserve, may demonstrate more efficient or flexible use of brain networks and cognitive paradigms.[@B42] Intellectually challenging activities, such as those involved in education and other complex mental activities, are recognized as playing a significant role in maintaining or enhancing brain reserve and thus providing protection against the risk of dementia in old age.[@B36]

Depression was not significantly associated with dementia in the univariate analysis, but after controlling for multiple confounding factors, depression was found to be independently correlated with dementia. This result is consistent with previous cross-sectional[@B43]-[@B45] and longitudinal studies[@B46]-[@B48] and metaanalyses[@B49] suggesting that depressive symptoms are common in older persons and are associated with cognitive impairment and dementia, especially AD, among the general population.

In fact, the relationship between depression and dementia is much more complex. Researchers have suggested two possibilities: depressive symptomatology may be a risk factor for dementia or, as several investigators have hypothesized,[@B47],[@B48],[@B50] depression may be an early sign of the disease rather than an independent risk factor.

Recently, a co-twin control analysis found that the increased likelihood of dementia associated with depression may not be attributable to shared genes or shared early life influences, showing that a twin who had a history of depression was three times more likely to have dementia compared to his or her co-twin. Wilson et al.[@B46] suggested that the association of depressive symptoms with clinical AD appears to be independent of cortical plaques and tangles. Other researchers have highlighted the effects of depression on hippocampal formation or on the hypothalamo-pituitary-adrenal axis.[@B51]

We were unable to determine causality due to the cross-sectional design of our study, but our results indicate that the presence of depression in a high-risk group may further influence the development of dementia.

In Korea, nursing homes are usually for persons who are in cognitive decline and who have no support system. Our results showed that living in a nursing home was the strongest predictor of dementia. This strong association may be due to the characteristics of the 194 nursing home residents in our study, who had MMSE-KC scores below -1.5 SD relative to the norm, and 46.1% of whom had already been diagnosed with dementia.

In contrast to previous studies,[@B52]-[@B56] a history of head trauma was not associated with dementia in the present study. The univariate analysis showed an association, but the multivariate analysis did not. Previous studies suggested that this association could be due to increases in Aβ pathology[@B57] and tau pathology in brain tissue. Cerebrospinal fluid Aβ levels are elevated, and APP is overproduced after brain injury.[@B58] On the other hand, this association may be attributable to selective recall bias, as many prospective studies have failed to find a significant association between dementia and head trauma.[@B59] Our sample included only five persons with head trauma history, and thus selection bias could also have led to our negative result.

Whether marital status is a correlate of dementia remains controversial, but non-married status (including widowed/widower/unmarried) has been accepted as a risk factor for developing dementia in some studies. Our analysis did not show marital status to be a significant risk factor, a finding that is consistent with a previous Korean study.[@B9] Some, but not many, studies among Asians have found that widowed/unmarried individuals are at risk for dementia, and this may reflect a better social support system among married subjects. However, this correlation has not been found in other studies, and the association requires further clarification.[@B18],[@B60]

The question of whether living in a rural area is correlated with dementia is also controversial at this time. Although our results showed that living arrangement was correlated with dementia, the association was not quite significant (p=0.061). This finding corresponds to findings from a previous Korean study[@B9] and a Western study,[@B18] but is not consistent with another study.[@B61] This inconsistency among studies could be explained by group and racial differences and, especially, by characteristics of Jeju Island\'s population, which cannot be easily differentiated into urban and rural areas in many respects. For example, the main economic activity is centered in urban areas but also includes farming activities that could be classified as rural. However, the fact that all of our subjects had low MMSE-KC scores could reduce the impact of rural living on the risk of dementia.

Economic status is a well-known risk factor for dementia,[@B31] and the usual explanation is that poor economic status is likely related to lower education level. However, our results did not reveal the same associations. This is likely due to the homogenous characteristics of our group, that is, the NEDDP included only persons of low socioeconomic status.

Multivariate analysis found that the number of medical illness was not a correlate of dementia in our study. Generally, higher medical comorbidity is significantly associated with lower cognitive functioning on the MMSE, taking into account age, gender, education, and care setting.[@B62] Higher medical comorbidity is also significantly associated with poorer self-care, decreased mobility, and greater incontinence, adjusted for the same demographic factors and for cognitive functioning. Thus, medical comorbidities are implicated in cognitive decline, and they may also adversely affect function and independence independent of cognitive status. The discrepancy between previous studies and our results could be explained by group differences. That is, our subjects were already characterized by cognitive decline, poor socioeconomic status, and poor social support.

This study has some limitations. First, non-responders may have had poorer health status than responders, which may have resulted in an underestimation of the prevalence of dementia. Second, the failure to consider certain known dementia risk factors, such as the apolipoprotein E genotype, smoking, obesity, diabetes, vascular factors, and behavioral symptoms, means that many confounding factors were not considered. Third, since all participants of this research were recipients of financial supports, it is hard to apply to the general population. Fourth, this study was also limited by its cross-sectional nature which made it impossible to determine causal relationships between correlates and dementia.

Despite some limitations, this study has several strengths. This is the first study of this specific population, including a sizeable sample over the age of 85 as well as long-term care residents. In addition, we were able to minimize diagnostic variability, as all research geropsychiatrists were certified for CERAD-K assessment through formal training programs provided by the CERAD-K headquarters.

In conclusion, the prevalence of dementia was very high among older people with low MMSE-KC scores, and older age, no education, nursing home residence, and depression were significant correlates. Enhancing lifetime education by providing intellectually challenging activities as a means to improve cognitive reserve, encouraging living at home rather than in a nursing home, and preventing and treating depression in the early phase could reduce dementia prevalence in this group.

This work was supported by the research grant from the Hyocheon Academic Research Fund of the Cheju National University in 2009.
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Characteristics of participants
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^\*^p\<0.05, ^\*\*^lower than minimum cost of living, ^†^presence of previous head trauma, with loss of consciousness exceeding 10 minutes, ^‡^screened by SGDS-K ≥8 and diagnosed by two psychiatrists. MMSE-KC: Mini-Mental Status Examination in the Korean Version of the CERAD Assessment Packet
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Prevalence of dementia according to levels of variables and crude odds ratios and age and sex adjusted odds ratios
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ASOR: Age and Sex Adjusted, In case of Age: sex-adjusted odd ratio. COR: crude odd ratios, CI: confidence interval
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Multiple logistic regression analysis of dementia and related variables
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